Abstract - the time necessary to larvae of Rhyzopertha dominica to drill kernels with or without dusts (semolina or debris from adults), and the possibility of development on semolina were evaluated. tests were carried out on durum wheat kernels (Triticum durum Desfontaines), debris deriving from rearing, and semolina. Development was observed also on 0.5 and 6 mm of semolina and of debris. thirty replicates were carried out for each test. the number of first instar larvae, that successfully drill sound kernels within 10 days, was higher by adding semolina or debris. When only kernels were provided, the time needed to larvae to drill increased. Development and the number of emerging adults were not significantly influenced by the addition of semolina to the kernels. Larvae couldn't develop on 0.5 mm, while an equal number of individuals completed the development to adult in 6 mm of semolina as in the tests with kernels. When development was on debris, a lower number of emerged adults was observed.
IntroDuctIon
Rhyzopertha dominica (F.) is one of the most economically important beetles infesting kernels. newly born larvae feed on dusts, produced by adults or deriving from food processing; then they drill kernels, where they complete the life cycle (Golebiowska, 1969) . Larvae enter kernels within the first instar, a short time after egg hatching (crombie, 1944) , preferring breaks or the germ area where the covering testa is loose (Birch, 1945) . According to Özkaya et al. (2009) , larvae feed on both endosperm and germ. osuji (1982) observed a faster development in larvae that entered the germ compared to the ones that entered through the endosperm.
the development from egg to adult is possible, when wheat kernels are damaged, with a 9% moisture content and temperatures between 26 and 36 °c (Birch, 1945) . In sound kernels, with the same moisture content, development is possibile at 34 °c, while with a moisture content below 9% the lesser grain borer does not survive. the highest egg survival was observed at 30 °c and 75% r.H. and the lowest at 40 °c and 65% r.H. (Kumawat, 2007) .
In mills and pasta factories, due to poor cleaning of machines and of processing departments, dusts, kernels, and pasta debris can accumulate and become breeding ground of pests. In this research the time necessary to larvae to drill kernels with or without dusts (semolina or debris from adults), and the possibility of development on semolina were evaluated.
MAterIALS AnD MetHoDS
Laboratory cultures of Rhyzopertha dominica kept in a rearing room at 28±1 °c, 70±5% u.r. and photoperiod of 16:8 (light:dark) were used for these tests. eggs were collected according to elek (1994) and incubated 7-8 days, in order to obtain first instar larvae, 0-24 hours old.
tests were carried out on durum wheat kernels (Triticum durum Desfontaines), with debris deriving from rearing, and semolina. Debris were collected from rearing every two weeks, with a 30 mesh sieve and divided with 30, 40, 50, and 70 mesh sieves. Debris presented 98,8% of particles size lower than 70 mesh 1 . Semolina was sieved 2 with the same procedure. Food substrate were kept at -18 °c for 20 days, to remove possible infestations. the substrate and a first instar larva were placed in a polypropylen cylinder (Ø: 14 mm, h: 11 mm). thirty replicates were carried out for each test.
(1) Percentage of particle size obtained from debris with sieves: 30 mesh 0.04%; 40 mesh 0.24%; 50 mesh 0.92%; 70 mesh 98.8%.
(2) Percentage of particle size obtained from semolina with sieves: 30 mesh 0.1%; 40 mesh 24.9%; 50 mesh 37.5%; 70 mesh 37.5%.
Development on durum wheat kernels with semolina or debris
In each cylinder, ten sound durum wheat kernels were placed, alone or with 3 mg of one of the different fractions of semolina or debris. the amount of debris added was proportional to the quantity of dust produced by 40 adults in 10000 durum wheat kernels, in a week. then, a first instar larva was added.
Different groups of 30 replicates were controlled after 1, 2, 3, 4, 10 days to verify the time needed by larvae to drill and enter into the kernels.
A further group of 30 replicates for each substrate were observed until adults emergence. Adults emergence was controlled every three days.
Data were submitted to AnoVA and Duncan's multiple range test (SPSS.17).
Development on different particle size of semolina or on debris
In each cylinder 0.5 or 6 mm of semolina (30, 70 mesh) or debris were placed. First instar larvae were placed over 0.5 mm or in the middle of 6 mm substrate.
thirty replicates, for each substrate and for each thickness, were controlled after 10 days, 30 replicates were observed until adult emergence. Adults emergence was controlled every three days.
reSuLtS

Development on durum wheat kernels with semolina or debris
Larvae drilled durum wheat kernels within two days when different particle size of semolina were added; the number of larvae was the same with the different particle size (tab. 1). A lower number of larvae was observed when debris were added to kernels. the lowest number of larvae, 21, and a longer period, from 1 to 10 days, was observed on durum wheat kernels without the addition of dust.
the number of individuals that became adult was constant in all the tests, with a 30% mortality (tab. 2). Adults emerged between the 32 nd and the 35 th day from egg hatching, unless on clean kernels where the last emerged adult was observed on the 62 nd day.
Development on different particle size of semolina or on debris
First instar larvae placed in the cylinder with 0.5 mm of semolina or debris leaved the substrate and the few left larvae were not able to complete the development; when placed in the middle of a 6 mm substrate larvae remained in the substrate and survival was higher (tab. 3).
An equal number of individuals completed the development to adult in 6 mm of semolina as in the tests with kernels. When development was on debris, a lower number of emerged adults was observed.
emerging of adults was observed on semolina from the 23 rd day to the 35 th day; on debris emerging of adults started on the 35 th day and finished on the 47 th day (tab. 4). In this research, at 28 °c and 70% r.H., first instar larvae of Rhyzopertha dominica were able to drill sound durum wheat kernels, differently from the observation of Howe (1950) on wheat. Development and the number of emerging adults were not significantly influenced by the addition of semolina to the kernels. the number of first instar larvae, that succesfully drilled sound kernels within 10 days, was higher adding semolina or debris. Almost all first instar larvae penetrated within the second day when semolina was added; the time increased when only kernels were provided.
Tab. 1 -Number of first instar larvae (30 replicates) of rhyzopertha dominica (F.) entering durum wheat kernels, alone or with 3 mg of semolina or debris, after 1, 2, 3, 4 and 10 days and mean period (days) (S.D.).
Durum wheat kernels
Number of larvae in the kernels
Tab. 2 -Number of adults of rhyzopertha dominica (F.) and mean period (S.D.) of adult emerging on durum wheat kernels, alone or with 3 mg of semolina or debris.
Durum wheat kernels
In the tests with 0.5 mm semolina, first instar larvae could not develop or fled. In tests with 6 mm semolina, the number of emerging adults was the same as the one observed on kernels and the development period was shorter, while with 6 mm debris a longer development period and a lower number of emerging adults were observed. In tests carried out with semolina, due to the small granulation, Klys (2006) observed no population development as adults showed a scarce mobility, turned over and starved.
the mean period of development was shorter on semolina than on kernels. First instar larvae inside the kernels became adults in 32 days, while larvae reared on semolina developed to adults in 27 days.
First instar larvae placed in the middle of 6 mm of debris took 40 days to emerge as adults. Howe (1950) , observed development faster on wheat kernels than the one on wheat flour, but during the experiment the substrates were repeatedly sieved, disturbing larvae, while in these tests the emerging of adults was verified without sieving the substrate. 
